E-waste refers to both electronic and electrical waste materials; namely any items which rely on an electric current or electromagnetic fields in order to operate, and contain a hard-drive or significant electronic components and/or a printed circuit board. E-waste is outstripping the general growth of the municipal waste stream. Increasingly, smaller and cheaper electronic items are being disposed of in municipal waste systems and this, coupled with an increase in the number of, and turnover of manufacturers and suppliers, may see local councils assuming a key role in future e-waste management. A survey of local councils across Australia was undertaken to determine the current level of understanding and action on e-waste, and to solicit key responses regarding the identification of areas where improvements could be made. The survey achieved an overall response rate of 35%. Survey results identified key barriers experienced by councils regarding the collection and treatment of e-wastes, such as access to reprocessing facilities and the limited or complete unawareness by the public of the issues. With regards to who should pay for e-waste disposal at end-of-life, consumers and producers were most commonly cited, depending on the state with the preferred funding mechanisms being 'advanced recycling fee' and Expanded Producer Responsibility. Overwhelmingly, 88% of respondents believed that federal legislation was required to manage e-waste. Overall, the results did not indicate differences in views between states for most questions.
Introduction
Electronic waste or e-waste is one of the fastest growing waste streams around the world, growing at a rate of 3-5% per annum (Schwarzer et al. 2005) . One reason for this is the constant availability of newer technology and design, and an increasingly early obsolescence. For example, the average lifespan of a new model computer has decreased from 4.5 years in 1992 to an estimated 2 years in 2005 (Widmer et al. 2005) . A study completed recently by the United Nations University estimated that collectively the world generates around 40 million tonnes of waste electrical and electronic equipment (WEEE) every year (Huisman et al. 2007 ).
In the absence of any national regulatory framework to deal with used EEE in Australia, the individual local councils are left to develop strategies to deal with the e-waste issue. The aim of this paper is to determine the level of understanding and actions being undertaken to deal with e-wastes by Local Councils across Australia, and to identify areas where future improvements to e-waste management practices could be made. For example, the rationalization of preferred initiatives for future legislative and funding mechanisms. Further survey questions sought to identify the barriers and potential opportunities for the electronic waste stream
Scope of E-waste in Australia
Australia has six states and two territories with an approximate population of over 21 million which is growing at over 1. Actions initiated at manufacturing stage, which are focused on reducing the environmental footprint of production of the equipment.
2. Activities at the end of product life, involving extending product life and recovery of material resources. 3. Education of users to encourage improvement across all stages of equipment life, including correct disposal.
Local Government could readily assume responsibility for the second and third areas as without any form of mandatory take-back by manufacturers and/or retailers the majority of e-waste finds its way into the municipal waste stream. There are several e-recyclers specializing in the complete recycling of computers and the associated peripherals that are expanding the locations of their reprocessing plants into the state capitals. The largest e-waste recycling facility in the southern hemisphere, which opened in December 2008, is based in Sydney and operated by Sims Recycling Solutions, a subsidiary of Sims Metal Management. The plant has the capacity to process about 20 000 tonnes of e-waste every year. However, even at full capacity this is only a fraction of the 120 000 to 140 000 tonnes of e-waste produced by Australians every year. Sims opted to invest in this plant and smaller similar plants in Brisbane and Melbourne despite federal government's refusal to commit to a mandatory e-waste recycling policy, and the current recycling rate for e-waste in Australia limited to around only 4%.
The costs of their services, although acceptable to commercial organizations that need to ensure the complete destruction of computer hard drives and the information contained, are prohibitive to local authorities and even individuals who can dispose of their items for free if they fit into their domestic wheeled bin (Davis & Wolski 2009) .
Key legislation
There are a number of Australian Commonwealth legislative items which may be applied to waste electrical and electronic equipment, such as the Hazard Status of Waste Electrical and Electronic Assemblies or Scrap, October 1999; and the Hazardous Waste (Regulation of Exports and Imports) Act 1989 (Environment Australia, 1989 ) which fulfils Australia's obligations under the Basel Convention, and only applies to non-functional e-wastes being shipped to non-OECD countries.
There is currently no specific electronic waste legislation being considered and any national strategy would, most likely, be voluntary. Without strict regulation or mandatory legislation, there is little incentive for manufacturers and suppliers of electronic equipment to implement costly recycling or take-back schemes, and without the take-back schemes there is even less motivation to implement green-design principles or active design for disassembly. With the exception of the Australian Capital Territory (ACT), other States do not control the disposal of e-wastes to landfill and the accurate examination of the disposal of this waste stream is further hindered by the absence of any formal monitoring or reporting mechanisms (including weigh bridges) across some states.
The National Environment Protection Council (NEPC) is currently developing a generic Product Stewardship National Environmental Protection Measure (NEPM). Their aim is to supplement a general NEPM with specific product schedules, to currently include televisions and tyres but could be extended to include computers. Whereas the large computer manufacturers have been receptive to the idea and have been involved in on-going negotiations with the NEPC, a significant proportion of Australia's computer market (over 40%) is, however, comprised of 'white-box' manufacturers and importers. This trend has led to a large amount of orphan products.
Other administrative and legislative approaches to e-waste United States regulations and activities concerning e-waste
The United States of America is one of the largest producers of e-waste in the world. According to one estimate, 2.2 million tons (approximately 2.15 tonnes at 1 ton ≈ 1.02 tonnes) of e-waste was generated during 2000, including 859 000 tons of video products, 348 000 tons of audio products and 917 000 tons of information technology products (Gibson & Tierney 2006) . The United States Government Accountability Office (GAO) reports that over 100 million computers, monitors and televisions become obsolete in the US each year and that amount is growing (United States Government Accountability Office 2005). The report also refers to United States Environmental Protection Agency (US EPA) data which indicates that less than 4 million computer monitors and 8 million televisions are disposed of in landfills each year and only 19 million computers were recycled in 2005 (United States Government Accountability Office 2005).
Concerns were raised in 2002 by environmental groups estimating that between 50 to 80% of the e-waste collected in the US for recycling is not recycled domestically but exported to developing countries such a China and India (Puckett et al. 2002) . It appears that the situation has improved since 2002, GAO argues that there is still a lack of economic incentives to promote recycling and re-use of electronic equipment in the US, which is also compounded by the lack of federal regulations that either encourage recycling or avoid their disposal in landfills (United States Government Accountability Office 2005). It further argues that current federal laws which allow hazardous used electronics to be disposed to landfill, do not provide a funding system to support recycling and do not preclude e-waste being exported to developing countries.
In the absence of Federal legislation, the individual States have begun to address the issue by developing and adopting their own e-waste legislation covering areas such as e-waste landfill disposal bans and comprehensive recycling legislation. As of December 2008, 18 states and New York City have passed comprehensive e-waste legislation. Whereas California has also adopted an advanced recycling fee system, all the other states have settled for an extended producer responsibility system (Electronics Takeback Coalition 2008) .
The Californian advanced recycling fee (ARF) on all new computers and televisions purchased was launched in Janu-ary 2005, effectively implementing the California Electronic Waste Recycling Act of 2003 (SB20). Depending on the size of the device, an ARF ranging from US$6 to US$10 is used to reimburse non-profit and commercial recyclers at a rate of 48 cents per pound. The recyclers, in turn, reimburse the ewaste collectors at a rate of 20 cents per pound providing them with an incentive to provide a free service to the community (Hileman 2006) .
One of the most recent developments in the regulation of e-waste in the US is the framework released by the Electronics Industries Alliance (EIA) on 25 May 2007, which paves the way for Federal legislation establishing a national programme for recycling household televisions and information technology products such as computers and computer monitors. It proposes a two-part financing approach, separating televisions from desktop computers, laptops and computer monitors, to reflect their divergent business models, market composition and consumer base. According to the framework, the television collection and recycling would be primarily conducted by an industry-sponsored third-party organization and initially supported by a nominal fee paid by consumers at the point of purchase. The nominal fee would eventually expire, once a significant number of 'legacy' sets are recovered. The manufacturers of information technology equipment would implement a programme to collect and recycle its products in a manner that is convenient for household consumers and at no cost to them (Electronic Industries Alliance 2007). They would have to offer such a programme as a condition of conducting business. Furthermore, on the 30 October 2008, the US Environmental Protection Agency (EPA) announced its first ever national guidelines for responsible recycling ('R2") practices for use in accredited certification programmes which could be used to assess environmental, health and security practices of electronic recyclers. The main purpose of this document was to develop a commonly accepted set of R2 practices for the electronic industry which is purely voluntary (US EPA 2008).
Waste Electrical and Electronic Equipment (WEEE) Directive, Europe
The aim of the European WEEE Directive is to minimize the impact of electrical and electronic goods on the environment, by increasing re-use and recycling and reducing the amount going to landfill. To achieve this, producers were made responsible for financing the collection, treatment and recovery of waste electrical equipment, and the distributors obliged to allow consumers to return their waste equipment free of charge (European Union 2003) .
The main areas covered by the directive include product design, separate collection, treatment and recovery financing. The specific requirements of the directive include the following (European Union, 2003) .
• Effective from 13 August 2005, WEEE must be collected separately from unsorted municipal waste. To achieve this, producers are required to set up convenient public collec-tion points so that private households are able to return their WEEE free of charge. The directive also required that by 31 December 2006, these collection points must have achieved a collection rate of at least 4 kg of WEEE per person per year. • The directive makes the producers responsible for the costs of collection, treatment, recovery and disposal of their own products. The producers are also required to cover the additional costs for products put on market prior to 13 August 2005 in proportion to their current market share by type of equipment. • Recovery and recycling rates to be achieved by 31 December 2006 for different types of equipment.
A review of the WEEE Directive and its implementation (United Nations University 2008), highlighted some limitations and areas for improvement. It was noted among other factors that the return of small appliances (under 1 kg) was low across all states; there were large differences in the collection and treatment performances for different sub-categories by different states; low legislative consistency between states including registering and reporting requirements; low awareness of the specific responsibilities by stakeholders; there was a notable amount of 'leakage' to overseas treatment/disposal facilities; and perhaps most concerning, in some cases the "lowest environmental preferences were being accounted for as useful re-applications which can be environmentally counterproductive". The report highlighted that the EPR principle noted in the directive could work counterproductively as the 'most relevant environmental improvement potential is connected to higher collection amounts and improved quality of treatment, which can be more expensive'. From these findings, the report recommended that the EPR with respect to 'Design for Recycling' be removed from the Directive; better enforcement is required and needs to be standardized to reduce the illegal 'leakage' of WEEE; and increased consumer awareness is vital to stimulate more collections in order to increase efficiencies, particularly for the small appliances (under 1 kg). In December 2008, the EU Commission proposed a raft of changes to the WEEE Directive (Council of the European Union 2009) which were formally adopted in March 2009 and included a new waste collection rate (65% by weight of what was placed onto the market during the preceding 2 years) and increased monitoring of shipments in order to reduce the amount of leakage; EPR requirements were strengthened to ensure waste collected is appropriately treated/recycled; and harmonization of the registration and reporting obligations for producers between states including a new requirement that producers only now need to register in a single member state.
Survey design and delivery
The local government survey aimed to determine the current level of understanding and action on e-waste, allowing them to identify the barriers to collection and processing, current best practice, and formulating local government perspectives for future legislative and funding developments. The survey was based on a detailed 38-question survey entitled 'Survey of Selected Stakeholders on Recycling Used Electronics' created by the United States Government Accountability Office (2005) .
The Griffith survey was targeted specifically to waste management/recycling staff within local councils. Given the limited time resources of local council officers and to achieve the best possible response rate, the survey was formulated to ask 25 questions (not including personal details), split into eight sections (Table 1) .
The survey link was sent via e-mail to all councils within each state [except for the Northern Territory (NT)]. The Queensland (QLD), Tasmanian (TAS) and New South Wales (NSW) surveys were promoted by the respective local government association through their circulars. For the NT, only seven councils were approached to participate in the survey, essentially the six municipalities and the only 'special purpose town' as approximately 80% of the territories population reside in these areas and the population density outside these areas was very remote. The ACT (who operates a single waste authority for the whole of the ACT) did not wish to participate in the survey.
The councils were divided into six categories based on their population densities (ABS 2006) (Table 2) : major cities; cities; inner regional; outer regional; remote; and very remote so that any differences/variations in survey responses could be identified.
Statistical analysis was conducted on questions 22 and 23, which had used Likert scales and other selected questions (questions 12 and 17-20) to determine if there were any similarities between council types (i.e. city and very remote) and perspectives.
The survey was reviewed and edited by personnel within the local government associations of Queensland and Central Queensland prior to distribution and, as such, the State of Queensland survey was undertaken first as a pilot study to the other states (Davis & Herat 2008) . The survey was then hosted on Griffith's e-waste web page (www.griffith.edu.au/ ewaste) for ease, allowing respondents to print the survey or simply complete and submit on-line with the results being automatically posted to a designated e-mail address.
No individual survey responses were assigned to a council, as it is appreciated that the professional opinion of the council officer rather than the council was reflected. Table 3 details the frequency of survey response by state. Overall a significant proportion of Australia's population was covered within the survey responses, even though some of the state response rates were lower mainly due to the spatial distribution of inhabitants to the major cities and coastal communities.
Results and discussion
All councils were asked what their organizations interest and role was in managing used/waste electronics. 12% of respondents indicated that there was very little or no interest at present, whereas the most popular response (47%) was to limit or divert this waste stream away from landfill. This was reflected in the fact that although over 24% of councils who responded claimed to have a policy regarding the management of e-wastes, 78% of these 'policies' were informal; and a significant 88% did not have any data relating to e-waste within their area/waste streams.
Over 74% of councils do not collect or provide facilities for the deposit of e-wastes, perhaps influenced by the fact that over 77% of councils also do not have recycling facilities/organizsation for e-wastes within their area so any targeted/specialized collection may either result in large transport distances to reprocessors/recyclers or ultimately to landfill.
When questioned about public awareness of the recycling options for electronic wastes, 27% of councils indicated that they believed the public were 'not at all aware'; 40% indicated that they were only 'slightly aware' and 11% 'moderately aware'.
On examination of relationships between the states and their responses for questions 6-14, only question 12 (experience of the illegal dumping of e-waste) indicated a signifi-cant association between State and responses, with QLD indicating significantly less experience of the illegal dumping of e-wastes than other states.
On the subject of finance, respondents were asked who should pay for the collection and treatment of waste electronics. Responses to questions 17, 18 and 19 were separated so that the first, second and third preferences could be clearly identified for all questions.
For question 17, councils in all states nominated producers/ manufacturers most frequently as first preference. Between 82 and 100% of respondents then nominated users/consumers as their second preference, and the third preference ranged between local authorities [NSW, QLD, Victoria (VIC), Western Australia (WA), NT] and householders [South Australia (SA) and TAS]. The least preferred option for this question was local authorities.
Respondents were then asked who should pay for the collection and treatment of orphan electronic wastes (that is the waste electronics produced by manufacturers, who no longer exist or do not currently operate within . Again, responses were separated so that the first, second and third preferences could be identified. QLD, VIC and TAS councils nominated users/consumers most often as first preference. NSW and SA councils nominated producers/ manufacturers most often as first preference, and WA councils nominated both with equal frequency as first preference. As a second preference, all councils in all states nominated users/consumers most often in response to question 18; when a third preference was nominated in response, councils in each state selected local authorities and/or householders.
When asked which finance scheme would be most effective for providing funding for electronic wastes (question 19), councils in QLD, VIC, and TAS nominated ARF most frequently as first preference. Councils in NSW and WA nominated EPR most frequently as first preference. Most of the councils across most states then nominated EPR as second preference; with only a few councils choosing a third preference.
Respondents were then surveyed about legislative regimes and if federal legislation should be enacted to overcome factors which currently discourage recycling of waste electronic items. Questions 20 and 21 had nominal response options (yes/no/no opinion) and so it was only possible to look at the frequencies of agree and disagree responses for each state. Chi-squared contingency table analysis was also used to test whether the response was independent of state.
Overall, 87% indicated that federal legislation should be enacted to deal with e-wastes. The chi-squared contingency table test for independence showed that there was a significant association between state and response to question 20. Councils in TAS responded 'no' significantly more often than would be expected if state and response were independent. Overall 33% of respondents opted for 'no' in TAS, compared with under 18% in WA, 10% in QLD; 8% in NSW; 3% in SA and VIC; and none in NT. Approximately 7.3% of the variance in response was explained by state.
Question 21 then went on to determine what measures any federal legislation should include. The results showed that 63% supported the inclusion of a disposal ban to landfill; 30% supported export restrictions; 65% supported restriction in toxic components; 75% supported product labelling; 74% supported subsidies to recyclers and 75% supported subsidies to manufacturers; 68% supported a certification scheme; 82% supported a green procurement system by government and, finally, 92% supported an education system to build e-waste awareness. Two sub-sections also asked about funding mechanisms, the use of IPR and EPR. These were included as an internal validation measure for question 19 (which finance system would be most effective for providing funding for recycling e-waste). Only 50% supported IPR whilst 78% supported an EPR system which supported previous responses. For question 21 there were no significant associations between State and response to the items under this question.
Question 22 asked to what extent factors had hindered their council's ability to encourage collection and recycling of used/waste electronic equipment. As these items were responded to on an ordinal scale (Likert-type scale response options from 1 none to 5 very great) it is possible to create a composite score for each case, which represents the sum of responses to the 10 items. A lower score reflects less of the characteristic, and a higher score reflects a greater degree of the characteristic (which, is based on preferences and may also indicate the respondent's knowledge in the area).
Prior to adding scores together to form the composite measure, the distributions of each item and correlations among all items were assessed. There was mild negative skew in the distributions of some items. However, as the direction of skew was consistent among all items, no transformations were conducted. Bivariate correlations among all items were positive and, with two exceptions, all correlations were significant. Reliability statistics were computed to assess the internal consistency among the 10 items making up the scale.
A low public awareness, the 'lack of recycling facilities', 'no specific allocation of funds to deal with e-wastes' and 'the low market value of e-wastes' were all identified as being key barriers which hindered their council's ability to encourage collection and recycling of used/waste electronic equipment. The responses were consistent between all states for this question.
Respondents were asked to what extent, if at all, were the following health and/or environmental problems associated with the disposal of waste electronic equipment. Analysis was conducted as for question 22. There were no significant differences among the states on question 23.
The leaching of toxins to ground/surface water, followed by concerns around releases from unregulated reprocessors were considered to have the greatest health and/or environmental impacts. The volume of e-wastes within landfill was also of concern. The lowest concern was for the illegal exports and worker exposure. The environmental and/or health problems associated with the illegal exporting of e-wastes generated the largest 'don't know' response, indicating that individuals were very uncertain about the impacts associated with illegal exports.
Question 24 asked individuals to indicate which problem from question 23 they felt was the most significant. There were a number of differing frequencies of responses to this item for each state. Councils in four states (NSW, VIC, TAS, WA) most often nominated volume of waste to landfill, whereas councils in two states (QLD and SA) nominated leaching of toxic substances. Chi-squared contingency table test of independence showed there was no significant association between state and response. When looking at this question across all Australia councils, 'volume of waste to landfill' (36%) was most frequently nominated followed by 'leaching of toxic substances' (29%) and loss of natural resources (12%).
Conclusions
The survey results have highlighted a number of key knowledge gaps across local councils in Australia. For example, very little audit data relating to the composition of general wastes (including e-wastes) within the domestic waste stream exists. It is therefore difficult to plan for future infrastructure and treatment facilities where the composition and nature of a waste is unknown (Davis & Herat 2008) . There are also very few facilities which can handle the processing or recycling of e-wastes. This is further compounded by large geographical distances between many of the significant conurbations and the treatment points. In rural areas, where demand for an e-waste collection and/or treatment service is low, it is unlikely that there will be any cost-efficiency or incentive for such a scheme. For these areas, a life-cycle-analysis of the options (i.e. local landfill versus distant recycling) may indicate that e-waste reprocessing is only environmentally and economically viable in larger conurbations where demand is high (Davis & Herat 2008) . Further research in this area needs to be undertaken so that local councils have the tools to make sound decisions on e-waste treatment options for their particular region, based on current data.
It is not currently possible to determine the full costs associated with sustainable management of the e-waste stream within Australia as there is insufficient data regarding the composition and extent of the issues. This is compounded by low landfill prices in some states, which clearly do not take into account externalities such as the environment or social aspects. The purchase prices of cheap, high volume unbranded electronic items further impacts this.
It is commonly acknowledged that current purchase costs of electronic equipment do not embrace the waste management principles, as all costs associated with the use of a resource are not included in the price of goods and services developed from that resource. Furthermore, the producers and/or importers of the electronic goods do not take all reasonable steps to minimize environmental harm from the production, use and disposal of the product in line with the 'product-stewardship principle'. The survey did show widespread support for both ARF and EPR schemes. This is inline with many of the US states and the EUs preference to adopt EPR schemes (Solmer & Stoll 2007) , and the introduction of the Californian Advanced Recycling Fee.
Like the US, Australia needs to carefully manage the legacy sets and ultimately control the future influx of new unbranded/white box electronic equipment to the market. Additionally, there are few examples of producer responsibility schemes within Australia, perhaps as their success is highly dependent on regulation and government involvement, and the threat of mandatory measures such as statutory recovery targets and other control measures. Currently, such regulation or the threat of enacting it, is lacking at both state and federal levels for e-waste streams.
Despite the lack of government commitment for managing the e-waste stream, a private sector organization (Sims Metals Management) has invested significant funds into infrastructure in the form of recycling facilities in some of the major cities across Australia, shown not least by the opening of its new Sydney plant capable of processing 20 000 tonnes per annum. In order for this plant to be financially viable it will need to operate close to this capacity. However, these facilities only have capacity to treat a small component of the 120 000 to 140 000 tonnes of e-waste produced in Australia annually, and other companies are unlikely to invest in a market where there are no government drivers or targets.
The survey also highlighted overwhelming support for the introduction of legislative measures to manage e-waste with particular support for the introduction of a suitable funding mechanism and a consumer education programme. Any legislation within Australia should aim to be consistent between states to harmonize registration and reporting requirements, and targets for both product design and recycling; otherwise movements of e-waste may be channelled into states with lower standards and any price variation of new products resulting from product specifications and differing take-back schemes or deposits is likely to be negatively viewed by consumers. International standardization should be considered where possible.
In the absence of a formal legislative structure and the high level political resolve for any near future formulation, the management of e-wastes is increasingly going to fall upon local councils to administer.
Overall, there was a strong indication through all of the survey responses that more information is required and this needs to be joined with an overall increase in the levels of awareness, both by policy makers and public. This approach is supported in the review of the WEEE Directive (United Nations University 2008), which concluded that increasing consumer awareness was essential for eco-efficient collection and treatment which maximized environmental results and cost efficiency. However, the report did note that it was still too early to determine if the WEEE Directive had any positive or negative planned interventions or influenced any social change on consumers, despite consumers having the most control over the collection and treatment options and therefore efficiency. As WEEE is a shared problem, a common approach is required which could be achieved by delegating local councils, through federal legislation, to be primarily responsible for WEEE collection and treatment. Such an approach would signal investment opportunities and provide efficiencies, particularly where legislation and administrative requirements are harmonized, and for a country where geographical distances between communities/generators can be significant, logistical efficiencies can be utilized, be they in another council area or across state boundaries without negative jurisdictional or administrative barriers.
